Mn-based room-temperature ferromagnets attract considerable attention due Our results will pave the way in chemical control of room-temperature bulk ferromagnetism in Mn compounds based on the addition of an atom with a small atomic radius.
Introduction
Mn-based ferromagnets attract considerable attention because the Mn atom exhibits the highest ordered moment value [1, 2, 3, 4] . Room-temperature Mn-based ferromagnets are particularly important for practical applications.
MnBi is a well-studied room-temperature ferromagnet, showing a high saturation magnetic moment and high magnetic anisotropy [5, 6, 7] . MnBi was considered as a candidate material for magneto-optical memory devices [8, 9] .
MnAl has recently received considerable attention because it shows a rather high magnetic moment and a large magnetic anisotropy energy [10] .
The Bethe-Slater curve is a useful criterion for understanding the magnetism of 3d transition metal elements [11, 12, 13, 14] . This curve describes a relation between the exchange coupling and the interatomic distance. For Mn-based compounds, it is generally accepted that a ferromagnetic coupling tends to occur with increasing Mn-Mn distance [15, 16] . The Bethe-Slater curve motivated us to conduct materials research on Mn-based compounds, offering a platform enabling control of the Mn-Mn distance. Regarding control of the Mn-Mn distance, the Mn 5 Si 3 thin film with added C is interesting. Although the parent compound Mn 5 Si 3 is an antiferromagnet with a Néel temperature of 98 K, Mn 5 Si 3 C x sputtered on a substrate is a roomtemperature ferromagnet [17, 18] . The unit cell volume expands with increasing carbon content [18] , which means an increase in the Mn-Mn distance. The ordered Mn moment rapidly increases to 1 µ B /Mn as the carbon content is increased to 0.75. The appearance of ferromagnetism is attributed to the increased interaction between Mn atoms mediated by the added carbon [17] .
The Pd-Mn alloys (Pd 1−y Mn y with 0≤y≤0.25) crystallize into the cubic α-Pd structure with space group Fm3m, in which Pd and Mn atoms randomly occupy the Wyckoff 4a site. The disorder of Pd and Mn atoms leads to a 2 spin-glass behavior [19] . In particular, for y =0.25, the heat treatment during sample preparation severely affects the degree of atomic disorder. A sample annealed at a temperature higher than approximately 500
• C generally possesses atomic disorder with an α-Pd-type structure [19] . in an evacuated quartz tube at 800
• C for 4 days. The samples were evaluated 3 using a powder X-ray diffractometer (Shimadzu, XRD-7000L) with Cu-Kα radiation. Due to the rather high ductility of the prepared samples, except for the one with x =0.25, we used thin slabs for X-ray diffraction (XRD) measurements. The atomic compositions of the samples were verified by using an energy-dispersive X-ray (EDX) spectrometer that was equipped in a field-emission scanning electron microscope (FE-SEM; JEOL, JSM-7100F).
After explaining the EDX analysis results, the nominal x value is replaced by the actual value.
The isothermal magnetization M curve at room temperature was measured by a vibrating sample magnetometer (VSM; Tamagawa Seisakusyo, TM-VSM2330HGC). The temperature dependence of magnetization under an applied external field H of 10 kOe between 300 K and 450 K (for a few samples between 80 K and 450 K) was checked by another VSM (Riken Denshi, BHV-50H). The temperature dependence of ac magnetic susceptibility χ ac (T) in an alternating field of 5 Oe at 800 Hz between 4 K and 300 K was measured using a closed-cycle He gas cryostat. The temperature dependence of electrical resistivity ρ (T) between 4 and 300 K was measured by the conventional DC four-probe method using the cryostat. Figure 1 shows the XRD patterns of the prepared samples with the simulated patterns of Pd 0.75 Mn 0.25 with the α-Pd-type and AuCu 3 -type structures. The XRD pattern of the AuCu 3 -type structure, which is the ordered variant of the α-Pd-type structure, shows small superlattice reflections denoted by arrows. Because the peak intensity of the prepared sample is weak, it is difficult to determine which structure type is realized. However, χ ac (T) and ρ (T), explained below, support the α-Pd-type structure in our sample with x=0. The sample with x =0.05 shows rather broad peaks compared to those of the samples with x =0 and 0.025. This result is due to the coexistence of the α-Pd-type and AuCu 3 -type structures, as reported in the literature [23] . This coexistence persists in the sample with x =0.075, which also presents broad diffraction peaks. However, further increases in boron content appear to merge the two structures into a single structure, which is supported by the relatively sharper peaks. It cannot be concluded which structure type is dominant in the samples with x ≥0.1, and further study is Table   1 . The respective sample shows the composition ratio between Pd and Mn atoms, which is near the ideal ratio. The determined B content of 0.015(5) The lattice parameters of the prepared samples were refined by the least squares method using XRD data and are presented in Fig. 3 (see also Table   1 ). The α-Pd-type structure is employed as the crystal structure for all samples. In each Bragg reflection peak of the samples with x = 0.055 and 0.070, possibly showing the coexistence of α-Pd-type and AuCu 3 -type structures, the reflection at higher angles is assumed to be due to the α-Pd-type structure, following the assignment in the literature [23] . x=0.015 appears to be incomplete. In the upper inset in Fig. 4(b) , the comparison of coercive fields between the sample with x=0.125 and Ni standard used in our VSM measurements is presented. The coercive field of the Mn compound is smaller than 50 Oe, and a more precise measurement is needed for discussing a low coercive field. The saturation magnetization M s systematically increases with increasing x (see Fig. 4(a) ) and reaches 2. interpreted as a spin-glass system [20] . As shown in the inset of Fig. 7(a) , shifts to the lower-temperature side, which is consistent with typical magnetic phase diagrams of reentrant spin-glass systems [26, 27] . However, the further increased T C does not severely affect the peak (shoulder) position (see M s and T C of each sample are summarized in Table 1 Meanwhile, the further increase in Mn-Mn distance above 2.84Å reduces T C , which means a weakened ferromagnetic interaction. Therefore, the degree of ferromagnetic exchange coupling would not be determined only by the Mn-Mn distance, and additional factors should be considered.
Results and discussion
Boron atoms generally act as donors in Mn compounds [1] , and a change in electron number is expected. If the x dependence of M s can be regarded as the electron-number dependence of M s , then the result of Fig. 8(a) resembles a so-called Slater-Pauling curve [1, 29] , which is highly useful for designing ferromagnetic materials based on 3d transition metals. Because the Pd 0.75 Mn 0.25 B x system shows a rather low T C and contains the precious metal Pd, the system would not be immediately useful for practical applications.
However, our results pave the way in chemical control of room-temperature bulk ferromagnetism in Mn compounds based on the addition of an atom with a small atomic radius.
Summary
We 
